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meat py bisp cumrw m^iUoim. Raising beam energies to 
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3 SlGMA (1 SlGMA=0.5J5 Rs) CONTROL 
WINDOW BASED ON 3 BARE WAFER IMPLANTS 
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4 8 
NUMBER OF PR WAFERS 



340 -, 



330 



opcomp G=2.5,K=10% Bunif-Rs G=»2.5,K«10?5 
OPcomp G=2.5,K=8.0% £\}Unif-Rs G=2.5,K=8.0% 
□ Pcomp G=2.5 f K=5.53S E3unif-Rs G=2.5.K=5.5% 

3 SlGMA(l SlGMA=0.5% Rs) 
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X 2 
DOSE CONTEOL FO& V&JL IN AN ION appear to cwaribute only half die dose one would attribute 

IMPLANTED w> Kh» ion basea upon its charge is the system which 

electrical bp*m current i*> u*e4 10 e outtoj me dose, fjtnce. 
TWa application claims ftioriry of previously filed U *oe sensed ion cwem Is greater man mc actual current, 
provisional application Sex. Na 60/019,915. flied Jun, 14. 5 Wfojc me '433 Fajicy paicoi jecogiuzes that charge strip- 
1906- ping wm occur, (See ccl 2 hoe 54) toe formula* developed 

in itiif patent arc limited to calculations based on ion 
FIFXD OF THE INVENTION ncurrauaatiou. 

The present wvcatioq iclafcs ttacraUy to ion meters DISCLOSURE OFTHH INV^NTTDN 

and more specifically to a method and apparatus for coo- 10 ^ r 

trolling ion dose ox concentration iraplanicd into scmicon- The present a venxion provides irnjvovcd dose control ar 

d o c tor wafcr>, frigb beam rwrgK^ where ion st ri pp ing tends to dominate 



BaCJO^OUNP aKT 



ruber man ion ncucraUzation. Id accordance win) one 
ctubodttucnt of ibe invention aa imptanter includes a target 



Ion implantation whe re in a r^vn of ions is directed at a " efiaroher. ao wj source aad st rnotur c for forming an 

semiconductor wafer is pow wUWy used in a varfcry of ^ so » ree dirccrteg me ion 
industrial ar^atcations, especially in the implantation of team to impact one or more wor&picoc? wurrio said target 

semiconductors for mamifactaiiug electrically active cbambet 

devices, U.S. Pav Nos. 4^37,433 to Farley and 4,234,797 to Aprcxcrrcd dose control system for controlling mc nose 

Rydiag describe the importance of congolang ion oose 20 of ion* implanted into *aid w«^rkpjcc<: include* s scusor &ucb 

implanted into a warfcptere. TV disclosures of me '433 as a Faraday cage for dete rnc' i an g a sensed beam inztnsiry 

patent to rVlcy and mc *707 patent to Ryding art incorpo- of an ion beam at the target chamber- A implant omtrm ll cr 

rated herein by rttference. The allowaWc rokraoccs on mc determines oeamcmrent from nx sensed beam intensity by 

umfoimiry and in* total dose of the implant* in the mann- taking into account bom ennr** stripping and charge ncu- 

racturtng of sermronduanr devices arc now at roe l% level tmuaooo of iom wnto the ion beam caused by ianrracDoas 

in many applications. between me iona mat maVe up mc beam and residual ga* 

To acmevedus level of accuracy on uVr iypc of urn^lamers tnoieculcs encountered by mc beam along die Immiamra 

diactC te ed in mese two patents, it is necessary to talct wo f2>r S cl - 

accounj me ncuiralizacQii of me ions «lo^ the beam pom « x To determine a compensated ion beam current, me 

a regutt of c nKfanns ^im rcstdoat atoms and ejectrons ia Ok implant controller receives a rim input, a table gives me 

unptemnr volume. amount of compensation ai various pressure in finite incre- 

Faroday cages trap and measure me ion beam current uienta or mtcrvals based on rne paramerers speci fi ed in the 

wbjta bmcld ng me electrons v4rft^ migrtr accompany die ion recipe to be mmlantcd. dm provides an jndicaiion of me 

beam. Such Faraday cages 4o not mtasurr neutral atom» in ^ rcfcwve »ncenn^rion of ions having an initial and different 

ift* ft^ hram SIiht iwutmlirm ffr^ m T ^^ n tfa]ly fflr final charge state Oue to inrcracucus wuh mc gas molecules 

same energy as me ions and are individually equivalent to In me ion beam pad* before mc ions wri l rr me warkpicces. 

mrm insofar as irnpJantatioa dose is concerned, if significant tmlkasion will vary depending on urfcether cfoige 

neinraUzauon of me be%m takes place, mc faroday cage snipping ox ioc neutralization *s uV dnmin^nt iocVmc4ccule 

reading will givr a false measure of the fTTi rto nTfl Ti^n current- ^ mrciarsion- A second input to die implant comroQcr is an 

an ion usurers are tfpa^ *E V?**** at a location upsxream 

■tonmsjat coated sem tamduc tq r surfaces wtucb oumas, trom die ^widmieces 4long die ion beam path- The implant 

voiaiaia: or srantcr me phcsortsisi. When mc uapUwr coJBenTeru«c*^e*cl*on^uma^ 

vacuum is low eiiough. die imptant^ u^n a mc^ified ic« beam cu^ 

all in me same charged swe tclmrd by the analyzing «s oOQk cnarge »gnpp>ug and dmgp ncutra l i 7an o n 

map** cf rbc impUcicr,If. however, tbr p*r**urc ^Iodc me la accordance w«b a piermed em bn d inM i r of the m ven- 

pamberwcenitoaiary^mngrana^ Hon a relation is ose4 of mc form I„=<Ul l+<r-iXl-<^>|. 

low enough, me ion beam may change its charge state wherein y is a ratio of charge stares for partldes moving 

through amsnic collisions wim re«idual gas atoms along the wiifcm mc ion beam toward the wor^pleors. P is the gas 

beam pom wfrnout undergoing a sigmflcant cnange m m P^^Atc widdn a region bounded by structure bcrween the 

energy, in mis event, me beam striking the Faraday cage i°A source and dm target charnber. and K is a cross section 

may contain neutral atom^ Thcsf neutrauxec pamdes are of beam particle gas in icracti on. 

mc desired speQcs and have the desired coexgics for the The value of gamma iy) \s determined twm oolleactcd oata. 

irrtpUnmrioy . The neutralised ions should be counted in the A beat fit ap ptOKtmat i on is used to determine gamma based 

ion beam flux when determining appropriate dose of the 55 oa data that is recorded every 150 mflhsccona* during an 

icsutong ion implantation. Since the Faraday cage is not ymplBnTarion , 

capable of mr a m t ring mis beam current however the *en*cd toe gamma values, in terms of ion speoes, initial charge 

ion correal is less man its actual vahio- snue and energy, will be provided in a loojc-up table stored 

Allow beam eoetsoes, the ra^in^ affected beam partick in die ion implanter controller as a defauh value that can be 

interactions Is ion nctrtrnlfeaiion. The *433 patent to Farley «c overriden at a controller console by the user. Normally, 

u&cs a icctmiaoe far adjusdng beam inrensiry based on 100 however, the nscr need only determine the second 

beam neutrnUaanmu. While mc formu lado tu of the '433 pa r a m eter, % during machine setup and ewer that value at 

patent may be suitable for relatively low energy ton me console since a faulr g»mraa k cikwcc if not ovauddco 

implanrers. at higher energies stripping of electrons from by the user. 

tons wimin die beam becomes more Haxly dum charge as Praccmr cJ tHr. i morion pyoyjdes aw ^^^^ ^1 ptfametey 

ncu^lixarioo Singly positively charges ions- as an to allow more accurate rt cs c n ftfai of the iou bean currcm 

have had ao additional electron stripped as a rtooton of process chamber frcssure- This in turn 
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oUo^^ foe do*c control to be updsied on a real time b^w in 
a way autf uoptovo upon ibe poor art Eaton dose control 
pocrdurcs mat sre described ia the Parley *ftd Rydiag 

These and other ejects, advantages, and features of the 
present iovcaoon will become better understood from a 
review of the a cc o mp an y ing detailed description of me 
inventus vtfuch U *aoil«4 in abaction wim rtw: accom- 
panying orawmgs. 

BRIEF PESOUmOS OP THE DRAWINGS 

FIG. 1 is a schematic view of a jcgarscntative loa impUn- 
umon system ioDwporailag measurement and cootpq! de- 
ments applicable to the prcscm mveurion; 

FlO 2 is a graph showing a p erc ent ag e of ions in cadi 
charge atasc *> a fbactian of 30 J*V legions navel lengm 
in aMg vapor; 

PIC 3 ^ a graph of boon outran vs pressor? for P*". 850 
keV with different amounts of ptatorcsist waters; 

FIG- 4 is a graph of she** resistance response with and 
wife** pressure rayiycnwtfifm for 850 fa»V at 550 >*A; 

FID, S is a graph snowing the resum» of 450uA- 1.2 Mcv 
singly charged phosphorus with differing pressure compen- 
sation pftfffran^f settings'; 

FK5. 6 is a graph snowing a orant of electron stipptagafld 
cbwpc ncarcRiizatioa for boron a* a pressure of JO** Torn 
and 

FIG. 7 is a graph snowing trends of ekewon snipping ana 
charge acunrahzation for pho^p^orus at a pressure of \QT* 
Tort 

BEST MOOfi FC^ PRACTICING THE 

I depKtt anion imrHnmfrll having cogyoneysfor 
gg Derating an ion beam including an ion &ourcc 12. an 
anaryang ma g net 13. a totaling assembly 14 inctunspg 
a disk 15 on which worjqpieces 16 ate Bhmatcd for impfcuv 
lauon and a Faraday cage 1? whicji is used to mcawirc rbc 
ion beam current which passes through a slot 19 formed in 
(fee $$k 15. As is well known in me ion irnplansanori an. 
certain ion species are selected by me analyzing magnet 13, 
resuming in a beam 1§ of (he selected species bemg directed 
against the wOflyteosg 16- 

As set forth in U.$. Pa*. No. 4.234,79? u> fcymng, which 
is incorporatca hesem by reference, the support 15 is rotated 
at a cegstam angular vctocrty by a motor 2i mounted on the 
Oisk assembly 14. During beam treatment of the workpjecc* 
on ma support the disk assembly u moved in ihe <hrec^on 
of the arrow A by means of a stepper motor 22 and lead 
screw 23 of a rate which is determined by me dose as 
measured by me Faraday cage 17 to injure the uniform 
implnnfation of me workpicct 1$. 

As is well known in the wr im ?ny|tintstifln is canted out 
under nigb vacuum coatioou, _wttb the disk assembly 14 

ci m mb sf designated by the br oken bne 25 in ffCG 1- Tbc 
present invention provides a means tor sceonnimg for 
cfaa gc aiate chan ges of the ion s That make up rise bea m when 
cofuroUmg mytowio ti 4osc The dose daerminaoon is 
based on jomWEQa current met$ut%merrts and me gas 
pressnre at xhe end staoon of me ion imptanmr 

End station pressure is measured by an ionization gauge 
26* Collision of the primary pwilivc ion t*cam 19. (lr*>ig~ 
nared as having an incideni cutrcnl wrm go& atoms along 



to 



the bcamUnc dowgsqeam from the revolving magnet causes 
dectrons to be added m (neurraUzation) ox taken from 
(Stopping) some of die positively charged ions in the beam- 
Tbe oegree m which this occurs is acscribed ut US. Par. No, 
as depending on me ion species, die ton vdociry 
and the gas cooceniratioo or densuy through which ihc beam 
passes. 

A impiant controller 27 calculates beam current from die 
sensed beam intensity by taking into account bom c&axge 
snipping and charge ixuitraUzarion of pons wrdun me son 
beam caused by interactions berweea the ions chat make up 
ihc b ea m and residual gas molec ules to *\ t i^*~TJ n \ nr a oomr 
pe nsatcd ion beam current- The controller 27 includes a ftrst 
input 30 for wputtfng an indinti o p of the reladve ooncen- 
19 tradon of jons having an trddal and duTcrent final charge 
stale Chic to tnfrnirtf^n* with the gas molecules in the ion 
beam path before the ions strike me warkpiccc* and adoi- 
(ionaUy including a second input 32 for inputting an indi- 
cation of gas rpoircuir pressure F at a location upstream 
from the workpseces along the ion beam paib- A cose 
controller 2$ ccxmlcd to me stepper moicr 22 adjusts an 
ImpUm 4ax> based upon mo ion haust cwew d^ierminad 
py the corayoto27.Tbe comxollcr 23 responds to modified 
current signals rransmirtrd Bo the controller 28 from me 
25 f fnpl^fyf controller 27. 

TUEOftY OF THE INVENTION 

Consider two charge states, an initial charge state and a 
ao final charge state. Assume rhe mn beam is made up of ion> 
having these two charge state*- Initially, as the ions leave me 
n^olvmg magnet, mete areN 4 fens having an immd charge 
q, traveling toward the implant chamber After traveling a 
$xcd path lengm at a pressure P, a number of the ions, 
is have cftapgwt to the steady charge state. q 2 due to ihc charge 
exchange or electron strapping mteracoon s> leaving Kj ions 
remaining m the initial charge state q,. The total charge: mat 
reaches the Faraday cup will be CqiN^-H^N^ Hut can be 
described mathematically as: 



wictc Km » p 



=*»iAW * uy«4 - ixi 



In terms of measured electrical beam emxem. htk at 
55 pressure P from outgasing and the beam current with no 
K): 



65 



#wwoti^rixi-<*0j M»» i 

Wtm mcyp cla hca TUje mt>ddnng which allows recycling. 
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5 6 

-coutiiiMCd generated by experiment cm Eaton ion impUntrr model 

-facfa ifi pp TT^i nr m it 1. AH me monitor wafers were 200 mm. 

(KrfiK, + t^xty - \xi-<r**)i 2- All the implant angle were oyji erf (5°. I5"j which is 

5 equivalent to 6/$ of (5-22°. 16.72°). 
For mree thrrerem charge **te i, i+») without 3. The ion gnugc used tor the test was ~STA3IL-ION eounr" 
recycling, the fouWiog equations obtain: made by QranvuUe-HulUp*. 

4. Baton's standard 10" and 8" cryo pump and bacfeidccryD 
-j^-Ca^eO\UP pump.250Pmaacby Cn-OWO(&NK3. 

4*H Ti(/ , }=ct rl AUP 10 5. All ibe photoresist wafers used in ifcc rest bad 4 mm thick 

na-toaiaed and UD-Mn&ned oholorcsisr misfc 
dh^-^^f & Therm* Wave TTicxmaprobe 40Qxp for Tbmxu Wave 

meaauftment. 

7. WTEC Rap4Tb«nt^Procc^fcff4u^milaw>^ 
and me Simons as follow*: |5 g rS-55ac for sheer resistance measmemm. 

/ =*di^«ti-*-*ll m order to test mc model under 4 wide dynamic 

m pressure range, cacn test recjpe was repeated ^ujueswubQ. 

wherr (is me charge number of the initial charge stare- and 4 ' &an4 12 phoresis* coated wafer* our of • total 13 wafers 
wter ' for each UT^daiK. The p4i^^ 

w the pressure o ompemmo p based on mi» model were esri- 
*»=cr^»o* m mated baaed on dara ger icr a rc d during these resw- These test 

rwulw <4m>w 4k pftfsmial cf dns prof**** model isa cnu- 

W^mMC^jJ Boiling mis photoresist outgasmg effect*, 

where 1^ is we measured beam cura^ „ JC FACTOR DETERMINAnON 

and J* id the atomic beam current. Tbe tcsr data was used m calculate K-factor* in accor- 

A^iviPnfM dance wiw a prior are recru^u^ 

Aa*uw#sur«» enmled "Best Me&od* and r^acticca for Pressure Cosnpcn- 

From moic different functions, an ion mqjamanotr which is incorpomed herein by reference. The K 

sctortf has been um^fancnttd using the relation feCUIlt » ***** is derenutned using a graptdeal technique requiring a 

(T-lXl-* -lw> M to rnocci me charge exdiangpMectren srrip- n>inffnum of four implant runs (under a same gamma factor 

ping behavior of ions in ion beams having on me order of deierrnined prior m me tear). Hie K facmr wins wirn 

one MeV of energy as well as at low energy. TPipfanr i r model, ion species, residual gas species, energy 

TTwftmciioRal relation* I^^^LS!?^ The iwo most apiincaai effects arc 

can be oc*crir>cd as a specol case of me presem teennioue 35 "^ww s P tt * : *od cxa&. 

wfcre iy> equals zero. Wben gwnma ecuals wo, cne XXnlng we ms*s io Octermine Qte K factor mc imobmier 
relation reduces to 1*=^"*^ «o4er me prcrowc ft* only should be clean and me rmplamcr sfcotfld be sey to run me 
neiri>ata*ioo takes place and no charge is earned by me ***** * aa cpc W Dc *«g opfumicd. As oulined in me 
dopant through residnal gase*. In mis two parameter note an appropriate K factor is dcterrrimcd by 
cquarion. the y value has a simple uaerprcrauon as me ratio 40 ^ ^ g raprac al analyst rrom the four or more i mpl «n r 
of final steady char^JStatc to mm4 ift><^ chargt siwc ru as and a plot of sneet resisri vvry versus |C fscror. One run 
and K is me imcracrioji cross Miction io terms of w ^ pcrfbxmcd with bare wafers ana wim a K factor of zero- 
pressure. A second ma is performed with bare wafers and higher. 

The equation IHr-lXl^^Wrwcs mc moad ^^pKnlKfacmr.TTietodaiidfcmuTO^ 

mar describes me liaiionto between^«^ b^m 45 J^^^^^^^^^^^^^^^K 

currem and gas assure usu^rworwamoexs. gamma aad ^12^^^^^^^^?^ ^5 

K. ny which me aupueawe ener£7raoct is taoadenod "Www w afer resistivity vs K. an tnmrseettoa point of me 

apfvopnam sebenoo of gamma and JC the oevtadon of ^ , .. ^ 

measured beam current &om «tual atc^ neamcurrenr ai * ^ gM««fecror wdl be den^mmed pnor to the octcr- 
auygivenpiewureiiis^mrpr^ ^ «^r^ a def^ v^e (or customer 

mc jrnplanrcr cam be ctmxcrry calemaren wimia smosocal specmcd) or » v«uk obrameofromabe^ntr^ 
limiu. ^ <** srxaagc me mimtnum required four 

The funouoiwl fbrro of couarion l was fined Maiim dao. "V**" «w determining the opiurmm K Factor in me 

^=5^avcsaaood& iormu«oon w«n ^ (tmt ^ aB ^^u^ ^ pofumj^ wing rr« dcrer- 

r^r ^ w. mined vauie of gamma. Since is u^ed in the hrst 

rlQUIFM^TT ^ CQNFlOURATiOK *o imp^ no comjieiw^ 

THflKf^ no dtuerence whar value i» used for gamma relative 

The disclosed model was rested by modifying Eaton io that of me jemaiuiug implant runs and srlll comply wim 

Corparw*on*« wior an dose control algorithm thai is ch> the runs for K facror deseniunaTion ate using the -same'- 

dosed in the Rydlng parent. Hie pressure fom p eni a no u gamma value- In this way. there is no cxn^impUms required 

algorithm c ompe ns at es rhe mRwurcd beam current error in 65 to tn^plemcni Ore addition of gamma mcrors. 



^^JWimZK^ Tlwrdaric^tup of rocked be^ 

relaooiUhlp Wed in the model, ftata provided here were for r 1 (singly eharged pr^phorus) . g50 ke V at 550 uA are 
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prescmcd is FIG. y as a typical ex a mp l e The measured 
beam cuitoi asd pressure were recorded Is real time cvtry 
150 mwx during iropiw with pfKXoresist wafers. Paw from 
3 implant*, 4, 8, 12 pbotceesist wafer* in each hatch- wen: 
ovcxismod willi the fined fuoctios of 6q(l) is mis graph, A 
sey i»Ue hers is mat mis I v*. F relationship has to sola 
regardless of ihc pressor range as d crnonsrr a t co Is me 
graph- The sheet resistance rcsppcu** of the above test 
wimtoa pressure c ow p cp sa po B illustrated is FJG. 4. 
Witbout tin* coroperwwoo, m&aa i^icct rcsisranCc shifted by 
as much as 15% with a usifflnsity of M*. After proper 
pressure ccfsprssnrton. bo* dose ic p ca m bfl to and urufor- 
nuty f^etter than OS* ww ttcrucvcO. In FIG. 5, the results of 
isiw rqxsmos* of a «idH» to f of F 1 "* l.2MeVat450uA 
py varying the parameter scrring w iHusrraual. The repeat* j4 
abituy among iiupfcms using a 4, 8 and 12 pbotarca* 
wafers for me above two cases are 0.40% as4 0.45% 

The owl of electron stripping and charge neutralization 
as a function of ma esergy and initial ion charge state is ^ 
shown is FIG- « ft FIG, 7. The ratio, clccgjcal mcasurca 
tram current io the real beam cures!, on me Y*asis was 
based on me preuiettd beam cwrwu at n-casisrc Mr* Torr 
alter a pes? fit to all me data poiur* at various pressure for 
each im recipe This ratio is grew mas one when me v 
dons nasi effect is electron stripping. In general, singly 
charged ion* at high energy snow me most significant 
r*e**ure relaiod dose shift as compared wim ions at double 
or trrpty charge state. One *pp**jtf reason *s that me dose 
error is proportios id the measured charge error divided by ^ 
me initial coarse KMe of inetdess son. The other possible 
reason is mar me cross section of electros stripping is 
smaller wim me iscrcaswB of initial charge stare is parallel 
to a competing process of chars* sctnraiizatf on. 

The invention ass been tested by cssbodying & into die 
Pgmp none prevdioe cos npes sajiop algorithm Use of mc 
^d go rimwi ^i T ninw*t the photoresist outgasiug Induced dose 
shift asd rsod>ec» good dose nsiforrmry and dose accuracy 
even usocr uV amw coodttina. This two parameter 
model is sot only able to successfully cbaracrazc the ^ 
charge state variation unto phcrorcsist cn^asa^ out is also 
ptaeneal enough to be routinely used. 

The top implastcx dose cOniroUer 27 contains a compen- 
s atio n looa>op table mat Is generated before an Mnplant 
begin f as the first input for calculating the co m pe s sated 4s 
beam current. The cottmenjssrion tabic has a table of per- 
cemagc eompensan'os values at various pressures m finite 
iscremcsts or intervals which is calculated tw in ed on 
(removing a given set of) a given set of gammas and K 
factors specified in me reape to be implanrwl By menus of so 
the table loojt-op teenstque (i-c. by finding a corresponding 
v*lqc ai a given value of <fcpcndcni variable by 
intcrpolaBon ) me d^yy controller ealcuJates me compensated 
beam current using real rjmr pressure leadlsgs* the secon d 
input* much faster than rccminog cnlcplndos on a real time ss 
bati> of me entire eytsjjon The cptrccscu he am cmresr as 
an output signal to drive mc up sad town scat (y seas) n> 
acbievc a proper dose cocnol 

Apref erred cirfrodtoem of the present inve at lon has bees 
described with a degree of particularity^ It is the iiffmT- so 
nowevcr, that me mventioD include all ateaoons ar^drsooi' 
fjf^riA^ ft^fTi the diyjoscd 4rngn fating within me yrit <t 
soopc of me app en d ed claims- 

WecWnu 

\. as ion imptowrT ccggprisisg a target cbarsbcr, an ion & 
source and structure for forming an ion beam from tons mat 
have exited from me ion source and directing me ton beam 



to impact one or more worlmieces withis said target 
chamber, and & dose control system for controJUog the dose 
of ions fapiasted into said workpieoe. said ton implasier 
oo sn pt isia sj " 

ji) senior means for dctcrmjTTing a sensed beam current of 
an ion beam at the target chamber; 

0) comproxapon means tor dcrer ro i riin g a cojnpensaied 
beam current from me sensed beam ourrem by tabng 
isxo aeconst both charge stripping and charge neutral 
Unties cr toaawimts the ion beam caused by interac- 
tions between the ions thai make up the jon beam and 
residual gn> molecules to dewisine a comp en sa t ed ion 
beaut current- said compensation means wcjudisg a 
first input for tnputring as tnthcaooa of the relative 
conccooariofl of ions having an initial and both lower 
and higher final charge state* duferent from mc initial 
charge stare sue to interactions with the gas m ojccu lcs 
is the ion beam path before me ion^ strike the wora> 
pieces and faejitding a second input for utpiSQsig an 
indication of gas molecule pressure at a location 
opseream from die workpicocs atong the ion bcampMm 
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for adjusting me sensed beam eurreat from me 
first and s o e on d inputs; and 
c> dose control means for adjusting inmlant dose based 
tHj^ftfi ^h^ r?0i 1 ipe n^ftT^d ton b^ain cut test determined by 

2. Tlte^ionlir ^^"T^ T of claim i wherein the utmiantex 
additi on ally eornprises a workpteee support mounted within 
die target ebarober and wherein the woslmiccc support is 
mourned to position said w or a yiecrs on the support within 
me osarsber for treatment by die ion beam and wherris die 
dose control means controls mc movement of the wotiqacce 
support as ion ereatrnent of the wortpieccs tages place. 

5. The ion upptanicr of claim 1 wnercin tne conyen^wK>o 
means ineiudes a t^ocessor for dcir^rrmnssg on a real time 
basis the matasi angOtt S beam current. 

4. The ion irnjtfflnTtr of ctatts 3 wherein me processor 
ioduOes a stored program for c al c ula tin g an modified ion 
besm currcst (IJ based upon measured beam current (D 
foam mo sensor means in a cc o r danc e wsb die relation 
V<JoJU-K*t-IXI-<^]. wherein y is an rrperiitimraHy 
orrrrminnd ratio of charge states for panicles moving wim 
the top beam toward the worlu^rxrs and P is mcs^ pressure 
within a tcmon bounded by said structure between the ton 
source and tile target chamber, and JC is a cross section of 
beam particle ga& inicii ^tioiu 

5. Amctbod of oalctisadsg dose for use in as ion utmlanmr 
having an ion source and an analyzing magnet for creating 
a beam of ions having a s pecifie d cfno^p: 10 mass ratto. Mid 
rsethod comprising tive steps of: 

a) dfceting a beam of ions having multiple possible 
charge 5iatr5 including a nrttfniliTafjpn dtate to a Target 
c narn b er containing one or more workpicccs rhat are to 
be treated by the beam; 

b) as bears treatment of me one or more wcefcfneces takes 
place within the target cbamber. periodically deierrrnS" 
ing a sensed ion beam current byoJtecosgmcic«Bbeam 
to as urtcseuty sensor; and 

c} d et exip fai ng a cal o ul atcd ioa beam cturest hnaed u pon 
ar^Dportionof ions wiflus terns beam have bob 
btgher' and tower cbargr states mas the charge state of 
ions leaving die analyzing magnet. 

6. The method of claim 5 wbc tet n me step of determining 
said rff^r ^ dare d too tMram current comprise* me yubitnp of 
ealcidBriss a znodifleO ion h^**™ chtrcnl In based udos 
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measured beam cure or l M in accot4»poe with me relation 
IL^Wt-WI-*"**)* wbcnrfB 7 is a raw of duuse 
staics for panicles moving wim the Um beam toward me 
worjorieces, p is rneg** pressure 
structure between ay ion source and me target chamber, tad 
K is a cross section of beam p&rtt£|e gas interaction. 

7 A mcmod tor ccairolllng die dose of ion* in an ion 
imp to nnr composing a larger efr a m b cT . an job source and 
siructurc for forming an w» beam from toss max exit tram 
m* ion source and duxefiog me ion beam to impact ooc or 
more warfcpfct** wuma said targe? chamber, conrprbiag ibe 
steps of: 

a) ^casing beam current of an ion beam at dte cages 
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b) detraining «n *4jH*ied beam current from The sensed 
beam current by taking into account bom cnargc tfrip- 
pttig and charge neutralization of ion* wimin me ion 
beam caused by interacti ons between me ions mar 
make up me beam and residual gas mojecBlos- to 
deteapiue a cmnpeasated ion beam current- w*d deter- 
inmmg sfepmciMding me substcp of run desennming 
an indifaqoQ of me feUSyc coaccmranon or ions 



having an initial and different final charge state due to 
interactions wim me gas molecules in me ion beam 
nam at boundary con d ition s of low gas and nigh gas 
pressure and additionally including a second sufastep of 
deiermining gas molecule pressure at a location 
upstream from tbc woriqaeoes aloug tnc ion beam p«b 
during ion m^anoooo and a*ferm*Aiag beam current 
for said sensed gas molecule pressure from me ratio 
determined in said tirsr sob step; and 
c) oonrrolliBg implant dose based upon me ion beam 

current determined during me oetertrumng Uep. 
& The mcmod of claim 7 wberein me second substcp 
comprises me step of calculating a modifVd ion beam 
currenr \> btusca upon measured beam current 1*. m accor- 
dance wim me relation WJHXK^'U wiwem y 
is a ado of cnargc states for parade* moving wim me ion 
beam toward me wostpicces. Pa the gas racssurc wimin a 
region bounded by structure between the ion source and tnc 
wgtf cfrnmbcr. anaKisao^^^iioaof bc^pankk g« 
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